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ABSTRACT. Previously reported from the lower Great Lakes basin and &. Lawrence and Hudson
rivers, the nonindigenous gastropod Valvata piscinalis was found for the first time in Superior Bay (Min-
nesota) of Lake Superior, Lake Michigan (Wisconsin), and Oneida Lake (New York) of the Lake Ontario
basin. This snail was not abundant in Lakes Superior and Michigan, whereas in eutrophic Oneida Lake it
reached a maximum density of 1,690 individuals/m? (mean density = 216 individuals/m?). Human-medi-
ated disturbances could facilitate the range extension of this snail by providing dispersal opportunities
(e.g., canals, shipping traffic) or increasing nutrients (e.g., eutrophication). A native of the Palaearctic
region, V. piscinalis has colonized sites across the Great Lakes basin, suggesting that it will likely

become common in disturbed Great Lakes areas.

INDEX WORDS: Valvata piscinalis, European valve snail, nonindigenous species, Lake Superior,

Lake Michigan, Oneida Lake.

INTRODUCTION

Valvata piscinalis (Muller 1774) is a freshwater
gastropod (family Valvatidae) whose native range
encompasses Europe, Caucasus, western Siberia,
and Central Asia. The species is widely distributed
and common in European freshwaters (Zhadin
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1965, Anistratenko 1998). It typically inhabits
standing and dlightly flowing waters. The construc-
tion of canals and reservoirs permitted V. piscinalis
to spread in the former Soviet Union (Shevtsova
1991), although its invasion history has not been
well documented. The European valve snail was
first recorded [as V. obtusa] in North America in
Lake Ontario near the mouth of the Genesee River,
New York, in 1897, where it reached high densities
within a few years (Baker 1898, 1900). Four
decades later, the snail had dispersed into Lake Erie
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and since then has colonized the neighboring St.
Lawrence and Hudson rivers and inland lakes
Champlain and Cayuga (Oughton 1938, Robertson
1945, Harman 1968, Jokinen 1992, Strayer 1999).

There have been a number of accounts of the dis-
tribution of V. piscinalis in North America (Baker
1898, 1900; Latchford 1914; Oughton 1938;
Mackie et al. 1980; Clarke 1981). Yet, the range
and the patterns of spread of this species in North
America remain inadequately studied. The dispersal
of V. piscinalis in the Great Lakes has been re-
stricted and characterized by a slow rate of spread
during the first 100 years of the colonization. Its
slow range expansion contrasts with the invasion of
the Great Lakes by the Ponto-Caspian molluscs
Dreissena polymorpha and D. bugensis. Since their
discovery in the late 1980s, these species have
rapidly expanded their distributions in this basin
(e.g., Mills et al. 1993, Vanderploeg et al. 2002). In
this study, we describe new records of V. piscinalis
in the Great Lakes basin. In order to comprehend
the range of habitats that V. piscinalis may invade
in the Great Lakes, we review aspects of the
species’ life history, ecology, and distribution in
Eurasia and North America.

METHODSAND MATERIALS

Benthic samples examined for the presence of V.
piscinalis were collected at the following locations
in the Great Lakes basin: St. Louis River and Bay
and Superior Bay of Lake Superior, June 1995 (Fig.
1, inset map; see Breneman et al. 2000 for details);
nine littoral areas around the perimeter of Lake Su-
perior, June and August 2001 (see Grigorovich et
al. 2003 for details); the southern shoreline of Lake
Superior, July—September 2002 and June—July
2003; St. Clair River, Lake St. Clair, Detroit River,
western Lake Erie, and western Lake Ontario,
August—October 1997 and May—October 1998
(Fig. 1, inset map; see Grigorovich et al. 2000
for details); littoral (20-50 cm) and deeper-water
(5-10 m) sites around the perimeter of Lakes Huron
and Michigan, July and August 2002 and August
2003; western Lake Erie, June 2002 and June
2003 (see supplementary material available from
http://filebox.vt.edu/users/igorg/Appendix-Valvata_
piscinalis in_the Great_Lakes basin.pdf for de-
tails). Samples were also obtained from 15 sites on
Oneida Lake during August 2002 (Fig. 1, inset
map). Thisinland lake is connected to Lake Ontario
through the Oswego River.

Collections were made using a Petite ponar grab

(area 225 cm?; 2-5 grabs per location) and/or bot-
tom sled dredge (width 0.38 m, mesh 500 pm; dura-
tion 7-12 min, depending on volume of material
retrieved). In the St. Louis River area, mollusks
were also collected using a cylindrical drop core
(area 13 cmZ; typically 12 or more per site). Shal-
low-water sites in the Lake Huron-Lake Erie corri-
dor were also sampled for molluscs by sweeping a
D-frame dip net (mesh 500 um; 30-s traveling
sweeps at 20-cm and 50-cm depths at 2—6 locations
per site) through vegetation, rocks, and debris.

Most sites were situated in the near-shore zone
(< 4 km from shore) at depths up to 20 m. At off-
shore sites, depths ranged from 7 to 64 m. Surveyed
bottom substrates included mud, silt, sand, gravel,
pebbles, and boulders. All samples were preserved
in 70% ethanol or in 4-10% formalin.

In the laboratory, V. piscinalis was separated
from other material, measured (to the nearest 0.01
mm), and enumerated under a dissecting micro-
scope. All specimens were identified by I.A. Grigo-
rovich.

Representative voucher specimens of V. pisci-
nalis from Lake Superior and Oneida Lake have
been deposited in the Canadian Museum of Nature,
Ottawa, Ontario (entire specimens preserved in
ethanol; catalogue numbers CMNML 093773 and
CMNML 093774); the National Museum of Natural
History, Smithsonian Institution, Washington, D.C.
(shells); and the Schmalhausen Institute of Zoology,
National Academy of Sciences of Ukraine, Kiev,
Ukraine (shells and viscera preserved in ethanol).

RESULTSAND DISCUSSION

Valvata piscinalis was found at three new loca-
tions beyond its previously reported distribution in
the Great Lakes—Superior Bay (Minnesota), Lake
Michigan (Wisconsin), and Oneida Lake (New
York) (Fig. 1). Living V. piscinalis individuals were
present at four littoral sites sampled in Superior
Bay in 1995. Water depths at these sites were 1.4
and 7.7 m. The bottom was overlain with fine-
grained sediments including mud, silt, and sand. No
living individuals of V. piscinalis were found at
seven other littoral areas of Lake Superior sampled
in 2001. However, empty shells of V. piscinalis
were detected at a littoral site adjacent to Thunder
Bay, Ontario (I. Grigorovich, unpubl. data). Living
V. piscinalis specimens were also found at a soft-
bottomed site that was 8.8 m deep in the southern
basin of Lake Michigan off Butt Creek in August
2002 (Fig. 1). Valvata piscinalis was also present at
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numerous localities within its previously reported
range in the lower Great Lakes (Fig. 1). These find-
ings indicate that the European valve snail has
spread across the Great Lakes basin. The non-grad-
ual pattern in its recent dispersal through the upper
lakes suggests that this species takes advantage of
human-mediated transport vectors.

During August 2002, V. piscinalis was detected
at 13 of 15 sites in Oneida Lake. It was present on
various bottom substrates including mud, silt, detri-
tus of plant origin, and zebra mussel shell frag-
ments, at a depth range of 3.4 to 13.2 m. Maximum
density was observed in shallow water (3.7-4.4 m
deep) overgrown by submerged aquatic macro-
phytes, but no significant linear relationship be-
tween population density and depth was found (R2

= 0.33, P > 0.05). Mean and maximum depths of
the Great Lakes sites observed to support V. pisci-
nalis were 7.3 and 20.5 m, respectively.

Connected with Lake Ontario, Oneida Lake has
been invaded by a number of exotic molluscan
species since the early 1800s (Harman 2000). It is
possible that V. piscinalis cryptically invaded this
lake some time ago, but its presence was not recog-
nized, probably due to the species superficial re-
semblance to the North American V. sincera.

Valvata piscinalis is readily distinguished from
V. sincera by a unique combination of shell fea-
tures. Valvata piscinalis typically possesses an an-
gulated or pinched aperture that is appressed to the
penultimate whorl (Fig. 2A), whereas the aperture
of V. sincera is round and is not pressed to the pre-
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FIG. 2. Morphological features of Valvatidae from the Great Lakes. Valvata piscinalis from Oneida
Lake: apertural (A) and umbilical (D) views of shell, operculum (E), and copulatory organ (F). Valvata
sincera from Lake Superior: morph sincera, apertural view of shell (B); morph lewisi, apertural (C) and
umbilical (G) views of shell. Characters useful for recognition of V. piscinalis: relatively high spire, well-
rounded whorls, angulated aperture, and narrow umbilicus.

ceding whorl (Fig. 2B, C). Valvata piscinalis has an
umbilicus that is relatively narrow and partly ob-
scured by a reflected inner lip (Fig. 2A, D), while
the umbilicus of V. sincera is wide and round (Fig.
2G). The spire in V. piscinalis is attenuate, while
that of V. sincera is conical. The growth linesin V.
piscinalis are fine and dense (Fig. 2A), whereas
those in V. sincera are widely spaced, sometimes
coarse or furnished with blade-like lamellae (Fig.
2B, C).

Valvata piscinalis differs from V. sincera by its
relatively higher spire and narrower umbilicus
(Clarke 1981). However, height of the spire and
size of the umbilicus in V. piscinalis varies among
localities (Zhadin 1965, Fretter and Graham 1978).
This variation has been linked to the degree of eu-
trophication (Fretter and Graham 1978). Our obser-
vations support this hypothesis as adults of V.
piscinalis collected from eutrophic Oneida Lake
had arelatively higher spire and a narrower umbili-
cus than specimens collected in other Great Lakes

locations. In Oneida Lake, individuals of V. pisci-
nalis with a shell length of 3.1-4.9 mm strongly
dominated, accounting for 69% of the population (n
= 45) during August 2002 (Fig. 3). In Superior Bay,
specimens with 4-5 whorls had a shell up to 5 mm
high and 5 mm wide.

Single individuals of V. piscinalis were encoun-
tered in samples from Superior Bay and Lake
Michigan off Butt Creek. The density of V. pisci-
nalis in Oneida Lake averaged 216 individuals/m2
(SD = 310, n = 34). Development of abundant pop-
ulations of this species in productive habitats has
been linked to its high growth rate, elevated repro-
ductive capacities, and efficient feeding strategies
(Table 1). For example, in eutrophic Lake Sevan,
Armenia, densities can exceed 600 individuals/m?2
(Ostrovsky 1981). In nutrient-rich environments,
this snail, in addition to grazing on epiphytic algae
and detritus, consumes suspended organic matter
and algae by filter feeding (Tsikhon-Lukanina
19614, 1961b, 1965).
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FIG. 3. Length-frequency distribution of Val-

vata piscinalis from Oneida Lake in August 2002.
n =45,

Hypothesized general attributes of a successful
aguatic invader (e.g., Lodge 1993), including her-
maphroditism, high fecundity, rapid growth and
maturation, and ability to tolerate adverse environ-
mental conditions, apply well to explain the disper-
sal and success of the European valve snail in the
Great Lakes (Table 1). The Eurasian distribution of
V. piscinalis has been affected by canals and ship-
ping traffic, as evidenced from frequent sightings of
this species in canals and seaways in the former So-
viet Union (Grigorovich 1991, Shevtsova 1991).

Apart from human-mediated assistance in dis-
persing V. piscinalis, the species’ invasion success
can probably be attributed to its fit into the Great

Lakes milieu (Table 1). It tolerates low calcium
waters (Fretter and Graham 1978). The natural
range of V. piscinalis in continental Europe extends
across various landscapes and climatic zones from
the arctic to southern arid zones of Europe (Zhadin
1965, Ostrovsky 1981, Olsson 1984, Shevtsova
1991). Its thermal requirements are probably met
even in open Lake Superior. Valvata piscinalis pop-
ulates a wide array of habitats including small
ponds, streams, canals, large rivers, and lakes (Fret-
ter and Graham 1978, Anistratenko 1998,
Shevtsova 1991). The species occurs on a variety of
bottom substrates, though it appears to prefer mud
and silted sand, where it hibernates during winter
(Young 1975). It aso frequently occurs on aquatic
macrophytes, on which it deposits egg masses. Abi-
otic conditions of the Great Lakes sites that support
and lack V. piscinalis were explored to determine
whether the species occurs in different types of
habitats. No significant differences were found be-
tween sites with and without V. piscinalis with re-
spect to water depth (Kolmogorov-Smirnov
two-sample test, P > 0.10). Some differences were
noted between sites with and without V. piscinalis
only with respect to predominant bottom substrates
(Table 2). Sites that lacked the species tended to
have more hard-bottom substrates. Thus, the lack of
records of the European valve snail in St. Clair
River and Lake Huron may be related to unfavor-
able predominant bottom substrates (Table 2). How-
ever, the species occurs in similar habitat types in
the lower Great Lakes suggesting that all of the
Great Lakes are vulnerable to invasion by V. pisci-
nalis.

TABLE 1. Characteristics that may facilitate invasion success of Valvata piscinalis (based on European

studies).

No. Characteristic

Reference

1. Widely distributed and abundant
2. Broad range of habitat types

Wide environmental tolerance; ability to hibernate
Hermaphroditism

Short life span, typically 13-21 months

Rapid embryonic (from egglaying to hatching) and
postembryonic growth

High reproductive capacity: 2—3 spawning periods;
each snail can produce up to 150 eggs per spawning

ouAW

~

8. Broad diet; opportunistic feeding by grazing on detritus

or filtering

9. Commensalism with human activity (e.g., canal development)

Zhadin 1965, Ostrovsky 1981, Anistratenko 1998

Fretter and Graham 1978, Ostrovsky 1981,
Olsson 1984

Y oung 1975, Ostrovsky 1981, Olsson 1984
Cleland 1954

Fretter and Graham 1978, Ostrovsky 1981
Ostrovsky 1981, Hoffmann and Neumann 1990

Ostrovsky 1981

Frémming 1956, Fretter and Graham 1978
Tsikhon-Lukanina 1961a, 1961b, 1965; Fretter and
Graham 1978

Shevtsova 1991




Grigorovich et al.

140

S|PUS [essnul eigez

SN1LIIBP ‘S|BUS [BSSNLU BIgeZ

(z€1-28)L0T pues |is ‘pnw so|duwes reuod 9 (0ztve)oL pnw s saduwes seuod gg eppUO e
sueo0zoAlq ‘s|pus
[pssnwielgez ‘preib  Buibpaip-onuiw-OT
(82z-18) ST 204paq ‘}|Is ‘910g0d 01/ josswn oT OO aXe
Buibpa.p-21nuIw-0T
01/ josawi / BuiBpaip
pues sdoams gg 91qqo9 ‘pAeIb -2INUIW-0T
preIb 81qgod Xo0pag so|duwres 2109 9G uoreeban ‘pnw 01/ josawng
(roT-gov's Kep ‘pnwi ‘pues Ayjis sadues seuod 9¢ (8'TT-5'0) 6'L SIPus pssnweigez ‘pues Aljis so|dwres reuod g€ augz e
Buibpa.p-a1nuIw-0T Buibpalp-oINUIW-OT
01/ josawni g 01/ josown gt
Repo ‘prelb ‘prelb Qs sdeans g uoleeban orenbe ‘preld sdsanms g
(€T1T1-9T)9S pues ‘uoreieBon orenbe so|dwes reuod 6 (€1T-81T)C'S S|jus [essnw ‘pues Ayjis  sa|dwes reuod T BAY H01BA
BuiBpa.p
Buibpa.p Sjessnw eigez ‘ pAelb -2INUIW-0T
pnw ‘pues aNuIW-0T s ‘pnuw 01/ josswn g
uolreeban Bylo -0}/ J0Sawn GT ‘uolreehan JBylo sdoams TT
(0'z1-5°0)8°€C ereyD ‘preld Aiis so|dwes feuod QT (021-50)2°€ ereyD ‘pues As so|dwes seuod 1e[0 Isaxen
pnw ‘ jpreib Buibpa.p-21nuIw-0T
uoieRbon JBylo S||eys [essnwi eigez 01/ Josawn 6
(0cT—50)8°2L erey)D ‘preld Ais so|duwres reuod Oz oA 1RO 1S
siep|nog ‘prelb sdsoms g5
pnw ‘pues A1jis sa|dwres 8100 88
(e'8-z0)21T uoliebon o1renbe ‘pues so|dwres feuod 9T uoJnH axe
sdoams £
snuIep ‘uoireisban o1renbe so|dwes 8109 Gy
(ST+0) L0 pues ‘pues Ayis ‘pnw so|dwes feuod 6 8'8 'IRUD ‘SMILIRP 1S a|duwes reuod T UeBIyoIN e
Buibpa.p-a1nuIw-0T
01/ josswi g
sdoams €9 Jouadns axe
sojqged ‘Aepp so|duwres 8109 G672 pues so|duwres 2109 9G pue eale
(0v9—20) 50T 1|Is ‘pues ‘pues A)|s ‘pnw sajdwes reuod €6 (82-60)€v  pnw ‘s Appnw ‘pues A)jis so|dwes feuod TT  BARYSINOT IS
(w) ydea sefe.Isgns wonog uoyj3 burdures (w) wde@ SeleJsgns wonog Hoy3 Burdwes  uoired0/ElIgeH

Wesqy

Jussald

/61061/sJ8sn/npa A" Xoga |11//:Sdny 88s) sifeulosid BIeA[RA 1NOYLIM pue Ylim sTeligqey seye] 1eals) ayl Jo uosiredwo)d

'abuel ay) pue uesw ay) 1uasadal sanfeA syl ‘yidep Jerem ayl 104 '90ua.11ndo0 Jo Aouanbai) Bulsesosp jo
Japlo ay ul eligey yoes Joj paisi| ate sadAl arensqns wonog “(s|reep 1oy jpd-uiseq sexeT 1ealis) ayl ul sifeulssid ereaea-xipuaddy

‘¢ 319Vl



Valvata piscinalis

in the Great Lakes 141

(5
; 1897
near Genesee River

1930s
Homsher Bay Bay of Quinte
Toronto, ON

Belleville, ON
T elleville,

19 Angola, NY
~ " Presque Isle

Port Dalhousie, ON

Cayuga Lake
Ithaca, NY

Thunder Bayj
2001->¢

1995
Superior Bay

FIG. 4. Map of the Laurentian Great Lakes drainage showing spread of Valvata piscinalis. Where avail-
able, year of the first observation isindicated for each locality invaded.

Results from our study demonstrate that V. pisci-
nalis is more broadly distributed than previously re-
ported in North America. If these recent
appearances are not an artifact of earlier misidenti-
fications of V. piscinalis as V. sincera, then the
species’ present range and rate of expansion in the
Great Lakes basin have increased in recent years
compared to the preceding 100 years of its colo-
nization, possibly reflecting changes in vector type.
Historical records and our recent collections sug-
gest that the European valve snail exhibited slow,
continuous dispersal prior to the 1980s but more
rapid, discontinuous dispersal in recent years (Fig.
4). The distributional pattern of V. piscinalis in the
Laurentian Great Lakes basin consists of isolated
colonies in the upper Great Lakes and the inland
Finger Lakes, New York, and the lower Great Lakes
distribution center from which the species appears
to have diffused into surrounding areas. Its appear-
ance in disjunct, restricted localities in Superior

Bay of Lake Superior and in southern Lake Michi-
gan suggests that shipping is a probable vector for
V. piscinalis. In its native range, V. piscinalis fre-
guently occurs in the littoral of large oligotrophic
lakes and reservoirs such as Lake Onega, north-
western Russia (e.g., Slepukhina 1975). Consider-
ing V. piscinalis’ environmental tolerances (Table
1), its eventual establishment throughout the upper
Great Lakes is anticipated. The ability of V. pisci-
nalis to thrive in nutrient-rich habitats associated
with catchment land use suggests that this snail will
likely continue to invade new areas if humans pro-
vide it with additional food resources or dispersal
opportunities.

Valvata piscinalis may adversely affect native
gastropod communities by competing for food and
space. Similar to another introduced snail in the
Great Lakes, Bithynia tentaculata, V. piscinalis is
an effective competitor in eutrophic waters, where
it can feed on suspended particles (Tsikhon-Lukan-
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ina 1961a, 1961b) which are unavailable to native
gastropods. The introduction of B. tentaculata into
Oneida Lake has resulted in displacement of pleu-
rocerid snails (Harman 2000). Similarly, the estab-
lishment of the abundant population of V. piscinalis
has coincided with reduced abundance of native hy-
drobiid snails in the same lake (I.A. Grigorovich,
unpubl. data). Further work is necessary to ascer-
tain the ecological impacts of V. piscinalis on native
gastropod fauna.

In conclusion, the European valve snail has been
able to disperse across the Great Lakes-St.
Lawrence River system and invaded several neigh-
boring drainages. Its distributional patterns and ap-
pearances in disjunct, restricted localities support
the hypothesis that V. piscinalis was assisted in its
dispersal by humans. If such assistance continues,
the species is likely to become a common member
of the benthos throughout the Great L akes.
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